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TECHNIQUE FOR CREATING DIFFERENT
MECHANICAL STRAIN IN DIFFERENT
CHANNEL REGIONS BY FORMING AN

ETCH STOP LAYER STACK HAVING
DIFFERENTLY MODIFIED INTRINSIC
STRESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

Generally, the present invention relates to the formation of
integrated circuits, and, more particularly, to the formation of
field effect transistors having a channel region with a speci-
fied mitrinsic stress to improve the charge carrier mobility.

2. Description of the Related Art

The fabrication of integrated circuits requires the forma-
tion of a large number of circuit elements on a given chip area
according to a specified circuit layout. Generally, a plurality
of process technologies are currently practiced, wherein, for
complex circuitry, such as microprocessors, storage chips and
the like, CMOS technology 1s currently the most promising,
approach, due to the superior characteristics in view of oper-
ating speed and/or power consumption and/or cost efficiency.
During the fabrication of complex integrated circuits using
CMOS technology, millions of complementary transistors,
1.e., N-channel transistors and P-channel transistors, are
formed on a substrate including a crystalline semiconductor
layer. A MOS transistor, irrespective of whether an N-channel
transistor or a P-channel transistor 1s considered, comprises
so-called PN junctions that are formed by an interface of
highly doped drain and source regions with a lightly doped
channel region disposed between the drain region and the
source region. The conductivity ol the channel region, 1.¢., the
drive current capability of the conductive channel, 1s con-
trolled by a gate electrode formed above the channel region
and separated therefrom by a thin insulating layer. The con-
ductivity of the channel region, upon formation of a conduc-
tive channel due to the application of an appropriate control
voltage to the gate electrode, substantially depends on the
dopant concentration, the mobility of the charge carriers, and,
for a given extension of the channel region in the transistor
width direction, on the distance between the source and drain
regions, which 1s also referred to as channel length. Hence, in
combination with the capability of rapidly creating a conduc-
tive channel below the mnsulating layer upon application of the
control voltage to the gate electrode, the conductivity of the
channel region substantially influences the performance of
the MOS transistors. Thus, the reduction of the channel
length, and associated therewith the reduction of the channel
resistivity, renders the channel length a dominant design cri-
terion for accomplishing an increase 1n the operating speed of
the integrated circuits.

The shrinkage of the transistor dimensions, however,
entails a plurality of 1ssues associated therewith that have to
be addressed so as to not unduly offset the advantages
obtained by steadily decreasing the channel length of MOS
transistors. One major problem 1n this respect 1s the develop-
ment of enhanced photolithography and etch strategies to
reliably and reproducibly create circuit elements of critical
dimensions, such as the gate electrode of the transistors, for a
new device generation. Moreover, highly sophisticated
dopant profiles, 1n the vertical direction as well as 1n the
lateral direction, are required in the drain and source regions
to provide low sheet and contact resistivity 1n combination
with a desired channel controllability. In addition, the vertical
location of the PN junctions with respect to the gate insulation
layer also represents a critical design criterion 1n view of
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leakage current control, since reducing the channel length
also requires reducing the depth of the drain and source
regions with respect to the interface formed by the gate 1nsu-
lation layer and the channel region, thereby requiring sophis-
ticated 1mplantation techniques. According to other
approaches, epitaxially grown regions are formed with a
specified offset to the gate electrode, which are referred to as
raised drain and source regions, to provide increased conduc-
tivity of the raised drain and source regions, while at the same
time maintaining a shallow PN junction with respect to the
gate msulation layer.

Since the continuous size reduction of the critical dimen-
s101S, 1.€., the gate length of the transistors, necessitates great
clforts for the adaptation and possibly the new development
of process techniques concerning the above-identified pro-
cess steps, 1t has been proposed to also enhance device per-
formance of the transistor elements by increasing the charge
carrier mobility 1n the channel region for a given channel
length. In principle, at least two mechanisms may be used, 1n
combination or separately, to increase the mobility of the
charge carriers 1n the channel region. First, the dopant con-
centration within the channel region may be reduced, thereby
reducing scattering events for the charge carriers and thus
increasing the conductivity. However, reducing the dopant
concentration in the channel region significantly afiects the
threshold voltage of the transistor device, thereby making a
reduction of the dopant concentration a less attractive
approach unless other mechanisms are developed to adjust a
desired threshold voltage. Second, the lattice structure 1n the
channel region may be modified, for instance by creating
tensile or compressive strain, which results in a modified
mobility for electrons and holes, respectively. For example,
creating tensile strain in the channel region increases the
mobility of electrons, wherein, depending on the magnmitude
of the tensile strain, an increase in mobility of up to 120% may
be obtained, which, in turn, may directly translate into a
corresponding increase in the conductivity. On the other
hand, compressive strain 1n the channel region may increase
the mobility of holes, thereby providing the potential for
enhancing the performance of P-type transistors.

Therefore, 1n some conventional approaches, for instance,
a silicon/germanium layer or a silicon/carbon layer 1s pro-
vided 1n or below the channel region to create tensile or
compressive strain therein. Although the transistor perfor-
mance may be considerably enhanced by the introduction of
strain-creating layers i or below the channel region, signifi-
cant efforts have to be made to implement the formation of
corresponding layers into the conventional and well-ap-
proved CMOS technique. For instance, additional epitaxial
growth techniques have to be developed and implemented
into the process flow to form the germanium- or carbon-
containing stress layers at appropriate locations in or below
the channel region. Hence, process complexity 1s signifi-
cantly increased, thereby also increasing production costs
and the potential for a reduction 1n production yield.

In other approaches, stress from an etch stop layer that 1s
required on top of the transistors to control a contact etch
process 1s used to induce strain 1n the channel regions of the
transistors, wherein compressive strain 1s created in the
P-channel transistor, while tensile strain i1s created in the
N-channel transistor. However, this conventional approach,
although offering substantial performance advantages, may
bring about some drawbacks that may partially offset the
benelits accomplished by the enhanced strain engineering, as
will be described with reference to FIGS. 1a-1d.

FIG. 1a schematically shows a cross-sectional view of a
semiconductor device 150 comprising an NMOS transistor
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clement 100z and a PMOS transistor element 100p. The
transistor elements 1007, 100p may be provided 1n the form
of silicon-on-insulator (SOI) devices. Thus, the semiconduc-
tor device 150 comprises a silicon substrate 101 having
formed thereon an insulating layer 102, such as a buried
silicon dioxide layer, followed by a crystalline silicon layer
103. The transistors 1007, 100p may be separated from each
other by an 1solation structure 120, for instance 1n the form of
a shallow trench 1solation. The transistor 1007 further com-
prises a gate electrode structure 105 1ncluding a polysilicon
portion 106 and a metal silicide portion 108. The gate elec-
trode structure 105 further comprises a gate msulation layer
107 separating the gate electrode structure 105 from a channel
region 104, which, 1n turn, laterally separates approprately
doped source and drain regions 111 having formed therein
metal silicide regions 112. A spacer element 110 1s formed
adjacent the sidewalls of the gate electrode structure 105 and
1s separated therefrom by a liner 109, which 1s also formed
between the source and drain regions 111 and the spacer
clement 110. In some cases, the liner 109 may be omitted.

The second transistor 100p may have substantially the
same configuration and the same components, wherein the
channel region 104 and the drain and source regions 111
include different dopants compared to the respective regions
of the transistor 100z.

A typical process flow for forming the semiconductor
device 150 as shown 1n FIG. 1a may comprise the following
processes. The substrate 101, the insulating layer 102 and the
silicon layer 103 may be formed by advanced water bond
techniques when the semiconductor device 150 1s to represent
an SOI device, or the substrate 101 may be provided without
the msulating layer 102, as a bulk semiconductor substrate,
wherein the silicon layer 103 may represent an upper portion
of the substrate, or may be formed by epitaxial growth tech-
niques. Thereafter, the gate insulation layer 107 may be
deposited and/or formed by oxidation in accordance with
well-established process techniques followed by the deposi-
tion of polysilicon by means of low pressure chemical vapor
deposition (CVD). Thereafter, the polysilicon and the gate
insulation layer 107 may be patterned by sophisticated pho-
tolithography and etch techniques 1n accordance with well-
established process recipes. Next, implantation cycles 1n
combination with the manufacturing process for forming the
spacer element 110 may be performed, wherein the spacer
clement 110 may be formed as two or more different spacer
clements with intermediate 1implantation processes when a
sophisticated laterally profiled dopant concentration 1s
required for the drain and source regions 111. For example,
extension regions 114 of reduced penetration depth may be
required. After any anneal cycles for activating and partially
curing 1mplantation-induced crystal damage, the metal sili-
cide regions 108 and 112 are formed by depositing a refrac-
tory metal and mnitiating a chemical reaction with the under-
lying silicon, wherein the spacer element 110 acts as a
reaction mask for preventing or reducing the formation of the
metal compound between the gate electrode structure 105 and
the drain and source regions 111.

FIG. 156 schematically shows the semiconductor device
150 with an etch stop layer 116 and a liner 117 formed above
the transistor elements 1007 and 100p. Typically, the transis-
tor elements 1007, 100p are embedded 1n an interlayer dielec-
tric material (not shown 1n FIG. 1B) over which correspond-
ing metallization layers are to be formed to establish the
required electrical connections between the individual circuit
clements. The interlayer dielectric material has to be pat-
terned to provide contacts to the gate electrode structure 105
and the drain and source regions 111 by means of an aniso-
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tropic etch process. Since this anisotropic etch process has to
be performed to different depths, a reliable etch stop layer 1s
provided to prevent a material removal at the gate electrode
structure 105 when the etch front has reached the gate elec-
trode structure 105 and still continues to approach the drain
and source regions 111. Frequently, the interlayer dielectric
material 1s comprised of silicon dioxide and thus the etch stop
layer 116 may comprise silicon nitride, as silicon nitride
exhibits a good etch selectivity for well-established anisotro-
pic process recipes for etching silicon dioxide. In particular,
silicon nitride may be deposited in accordance with well-
established deposition recipes, wherein the deposition
parameters may be adjusted to provide a specified intrinsic
mechanical stress while at the same time still maintaining the
desired high etch selectivity to silicon dioxide. Typically,
silicon nitride 1s deposited by plasma enhanced chemical
vapor deposition (PECVD), wherein, for example, param-
cters of the plasma atmosphere, such as the bias power sup-
plied to the plasma atmosphere, may be varied to adjust the
mechanical stress created 1n the silicon nitride layer as depos-
ited. For example, the deposition may be performed by well-
established process recipes on the basis of silane (S1H,) and
ammonia (NH,), nitrogen oxide (N,O) or nitrogen (N,) 1n a
deposition tool for PECVD for a silicon nitride layer. The
stress 1n the silicon nitride layer may be determined by the
deposition conditions, wherein, for instance, a compressive
stress 1n silicon nitride of up to approximately 1 GPa (Giga-
Pascal) may be obtained with a moderately high bias power
according to well-established deposition recipes, while 1n
other embodiments a tensile stress of up to approximately 1
GPa may be achieved by reducing the 1on bombardment
caused by the bias power 1n the deposition atmosphere.

Hence, 1n a conventional approach, the etch stop layer 116
1s deposited as a silicon nitride layer having a specified com-
pressive stress. Thereafter, the liner 117 1s deposited as a
silicon dioxide layer by well-established PECVD techniques.

FIG. 1¢ schematically shows the semiconductor device
150 with a resist mask 140 formed above the transistor ele-
ment 1007, 100p to cover the transistor 100p and to expose
the transistor 1007. Moreover, the semiconductor device 150
1s subjected to an etch process 160 for removing those por-
tions of the etch stop layer 116 and the liner 117 that are not
covered by the resist mask 140. For example, the etch process
160 may comprise a {irst etch step for removing silicon diox-
ide followed by an etch step to remove silicon nitride. During
the etch process 160, the metal silicide portions 108, 112 are
exposed to the reactive etch atmosphere, which may result 1in
damage and/or material removal from these regions. More-
over, the regions 108, 112 may also be exposed to a reactive
ambience during subsequent clean processes as are typically
performed prior to the further processing of the device 150.

FIG. 1d schematically shows the semiconductor device
150 in a further advanced manufacturing stage, wherein a
second etch stop layer 119 comprised of silicon nitride and
having intrinsic tensile stress 1s formed above the transistor
clements 1007, 100p. Moreover, a further resist mask 170 1s
formed above the device 150 to expose the transistor 100p
while covering the transistor 1007. Furthermore, the device
150 15 subjected to an etch process 180 for removing the
exposed portion of the second etch stop layer 119 and the
remaining liner 117.

Consequently, after completion of the above-described
process tlow, the transistor 100p comprises an etch stop layer
having intrinsic compressive stress that induces a respective
compressive strain within the channel region 104, while the
transistor 1007 has formed thereon the etch stop layer 119
having the intrinsic tensile stress, thereby creating tensile
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strain 1n the respective channel region 104. However, owing
to the etch process 160 and any further cleaning processes
performed after the etch process 160, a significant degrada-
tion of the regions 108, 112 of the transistor 100z may have
resulted and thus may significantly deteriorate the overall
performance of the transistor 100z, thereby partially offset-

ting the advantages achieved by the enhanced strain engineer-
ing described above.

In view of the above-described situation, there exists a need
for an alternative technique that enables the creation of dii-
ferent strain 1n different transistor elements while substan-
tially avoiding or at least reducing at least some of the prob-
lems 1dentified above.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the mven-
tion 1n order to provide a basic understanding of some aspects
of the invention. This summary 1s not an exhaustive overview
of the mvention. It 1s not intended to 1dentity key or critical
clements of the mvention or to delineate the scope of the
invention. Its sole purpose 1s to present some concepts in a
simplified form as a prelude to the more detailed description
that 1s discussed later.

Generally, the present invention 1s directed to a technique
that enables the creation of a desired strain within the channel
regions of transistor elements by providing different types of
stress-inducing etch stop layers above the respective transis-
tor elements. Hereby, the etch stop layers are separated from
the respective transistor structures by a thin liner or etch stop
layer, thereby avoiding or at least significantly reducing dam-
ages at the transistor structures during the formation of the
different types of etch stop layers.

According to one illustrative embodiment of the present
invention, a method comprises forming a first etch stop layer
over a first transistor element and a second transistor element
and forming a second etch stop layer above the first etch stop
layer, wherein the second etch stop layer has a first specified
intrinsic stress. Moreover, a mask layer 1s formed above the
first and second transistor elements to expose the first tran-
sistor element and cover the second transistor element. There-
after, a first portion of the second etch stop layer formed above
the first transistor element 1s removed by a selective etch
process 1n which the first etch stop layer 1s used as an etch
stop. Finally, a third etch stop layer 1s formed above the firs
and second transistor elements, wherein the third etch stop
layer has a second intrinsic stress that differs from the first
intrinsic stress.

According to another illustrative embodiment of the
present mvention, a semiconductor device comprises a first
transistor element having a first channel region and a first
dielectric layer stack enclosing the first transistor element.
Thefirst dielectric layer stack comprises a first etch stop layer,
a second etch stop layer and an interlayer dielectric, wherein
the first dielectric layer stack induces a first strain 1n the first
channel region. The semiconductor device further comprises
a second transistor element having a second channel region
and a second dielectric layer stack. The second dielectric
layer stack encloses the second transistor element and com-

prises the first etch stop layer, a third etch stop layer and the
interlayer dielectric, wherein the second dielectric layer stack
induces a second strain 1n the second channel region. Hereby,
the second strain differs from the first strain.
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BRIEF DESCRIPTION OF THE DRAWINGS

The mvention may be understood by reference to the fol-
lowing description taken 1n conjunction with the accompany-
ing drawings, 1n which like reference numerals 1dentity like
elements, and 1n which:

FIGS. 1a-1d schematically show cross-sectional views of a
typical conventional semiconductor device including a
complementary transistor pair during various manufacturing
stages, wherein the strain in the respective channel regions 1s
generated differently by forming respective contact etch stop
layers having different intrinsic stress; and

FIGS. 2a-2e schematically show cross-sectional views of a
semiconductor device including two transistor elements at
various manufacturing stages, wherein differently strained
channel regions are formed without undue damage of metal
silicide regions 1n accordance with illustrative embodiments
of the present invention.

While the invention 1s susceptible to various modifications
and alternative forms, specific embodiments thereol have
been shown by way of example 1n the drawings and are herein
described 1in detail. It should be understood, however, that the
description herein of specific embodiments 1s not intended to
limit the invention to the particular forms disclosed, but onthe
contrary, the intention 1s to cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[lustrative embodiments of the mvention are described
below. In the interest of clarity, not all features of an actual
implementation are described 1n this specification. It will of
course be appreciated that 1n the development of any such
actual embodiment, numerous implementation-specific deci-
s1ons must be made to achieve the developers’ specific goals,
such as compliance with system-related and business-related
constraints, which will vary from one implementation to
another. Moreover, 1t will be appreciated that such a develop-
ment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference
to the attached figures. Various structures, systems and
devices are schematically depicted 1n the drawings for pur-
poses of explanation only and so as to not obscure the present
invention with details that are well known to those skilled 1n
the art. Nevertheless, the attached drawings are included to
describe and explain illustrative examples of the present
invention. The words and phrases used herein should be
understood and interpreted to have a meaning consistent with
the understanding of those words and phrases by those skilled
in the relevant art. No special definition of a term or phrase,
1.€., a definition that 1s different from the ordinary and cus-
tomary meaning as understood by those skilled in the art, 1s
intended to be implied by consistent usage of the term or
phrase herein. To the extent that a term or phrase 1s intended
to have a special meaning, 1.e., a meaning other than that
understood by skilled artisans, such a special definition wall
be expressly set forth in the specification 1 a definitional
manner that directly and unequivocally provides the special
definition for the term or phrase.

The present invention 1s based on the concept that an effec-
tive strain engineering 1n the channel region of different tran-
sistor types, by providing differently stressed contact etch
stop layers, may significantly be improved by providing a thin
liner or etch stop layer prior to forming a first portion of the
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actual contact etch stop layer. In this way, undue damage of
metal silicide regions of one transistor, such as an NMOS
transistor in the conventional approach as previously
described, may be reduced or substantially completely
avoilded. Moreover, the material composition of the liner or
ctch stop layer and the actual contact etch stop layer may be
selected to achieve a high etch selectivity between the contact
ctch stop layer and the underlying liner or etch stop layer,
thereby requiring a small layer thickness of the liner com-
pared to the layer thickness of the actual contact etch stop
layer. Consequently, the stress transfer from the contact etch
stop layer to the channel region to create strain therein 1s only
insignificantly atiected by the provision of the additional
liner. Hence, the stress and thus the strain created within
different types of transistor structures may efliciently be con-
trolled without undue degradation of other device features,
such as the contact resistance of contact portions of the tran-
sistor structures.

With reference to FIGS. 2a-2e, further i1llustrative embodi-
ments of the present mnvention will now be described 1n more
detail. FIG. 2a schematically shows a cross-sectional view of
a semiconductor device 250 comprising a {irst transistor ele-
ment 2007 and a second transistor element 200p. The tran-
sistor elements 2007, 200p may represent different types of
transistor elements, such as an N-channel transistor and a
P-channel transistor, or transistors of the same or different
types located at very different die locations or substrate loca-
tions and, 1n particular embodiments, the transistor 2007 may
represent an N-channel transistor and the second transistor
clement 200p may represent a P-channel transistor that may
be arranged to form a complementary transistor pair.
Although the transistors 2007 and 200p may differ from each
other 1n size, conductivity type, location, function and the
like, for convenience, the transistors shown have substantially
the same configuration, and hence corresponding compo-
nents of the transistors 2007, 200p are denoted by the same
reference numerals. It should also be noted that, although the
present invention 1s particularly advantageous for transistor
clements without any additional stress inducing components,
such as additional epitaxy layers formed i or below the
respective channel regions, the present invention may also be
combined with such additional strain-creating techniques. It
should also be appreciated that 1n the following description of
turther 1llustrative embodiments of the present invention it 1s
referred to transistor elements provided in the form of SOI
devices without any raised drain and source regions. As will
become clear in the course of the description, the present
invention may also be applied to transistor elements formed
on semi-conductive bulk substrates and may also readily be
applied to transistor designs using raised drain and source
regions.

The semiconductor device 250 comprises a substrate 201
having formed thereon an insulating layer 202, such as a
buried silicon dioxide layer, silicon nitride layer and the like,
tollowed by a crystalline semiconductor layer 203 (or active
layer), which will be referred to as silicon layer 1n the follow-
ing description, since the vast majority of integrated circuits
including complex logic circuitry 1s based on silicon. It
should be appreciated, however, that the semiconductor layer
203 may be comprised of any appropriate semiconductor
material 1n accordance with design requirements. Also, the
substrate 201 may represent a bulk substrate without the
insulating layer 202. The first and second transistors 200z,
200p may be separated from each other by an 1solation struc-
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including a semiconductor portion 206, such as a polysilicon
portion, and a metal-containing portion 208 that 1s provided,
for instance, 1n the form of a metal silicide. The gate electrode
structure 205 further comprises a gate isulation layer 207
separating the gate electrode structure 205 from a channel
region 204, which in turn laterally separates appropnately
doped source and drain regions 211 with corresponding
extension regions 214 and having formed therein metal sili-
cide regions 212. A spacer element 210 1s formed adjacent to
the sidewalls of the gate electrode structure 205 and may be
separated therefrom by a liner 209.

The second transistor 200p may have substantially the
same configuration, wherein the channel region 204 and the
drain and source regions 211 may include different dopants
compared to the respective regions of the transistor 200z,
when the first and second transistors 2007, 200p represent
transistor elements of a different conductivity type.

Moreover, the semiconductor device 250 comprises a first
liner or etch stop layer 218 and a second or contact etch stop
layer 216 formed above the first etch stop layer 218. In 1llus-
trative embodiments, the contact etch stop layer 216 1s formed
on the first etch stop layer 218, wherein the layers 216, 218 are
formed of different materials to exhibit a desired degree of
etch selectivity with respect to an etch process that will be
described later on. In one embodiment, the first etch stop layer
218 may be comprised of silicon dioxide, whereas the contact
etch stop layer 216 may be comprised of silicon nitride.
Moreover, the contact etch stop layer 216 has a specified
intrinsic stress, which 1s appropriately selected to create a
desired degree of strain within one of the channel regions 204
of the first and second transistors 2007, 200p. For example,
the contact etch stop layer 216 may have a specified compres-
stve stress, when one of the transistors 2007, 200p 1s to
receive a compressively strained channel region 204. In the
embodiment shown, the transistor 200p may represent a
P-channel transistor whose channel region 204 1s to recetve a
compressive strain to enhance the hole mobaility therein. It
should be appreciated that a thickness 218a of the first etch
stop layer 218 1s less than a thickness 216a of the contact etch
stop layer 216 so that the stress transfer mechanism 1s sub-
stantially not affected by the presence of the first etch stop
layer 218. For example, the thickness 218a may range from
approximately 5-25 nm, whereas the thickness 216a may
range from approximately 20-80 nm for highly scaled semi-
conductor devices having a gate length, that 1s 1n FIG. 2a the
horizontal extension of the gate electrode 206, of approxi-
mately 100 nm and less. In particular embodiments, the gate
length of the transistors 2007 and/or 200p may be approxi-
mately 50 nm or even less. Regarding the material composi-
tion of the layers 216, 218, 1t should be appreciated that other
appropriate materials may be used, as long as a desired etch
selectivity between the layers 216, 218 1s achieved. For
instance, amorphous carbon, silicon carbide, and the like may
be used 1n combination with silicon dioxide and/or silicon
nitride 1n conformity with device requirements.

In one 1illustrative embodiment, a turther etch stop layer
217 1s provided above the contact etch stop layer 216, wherein
the etch stop layer 217 1s comprised of a material exhibiting a
desired high etch selectivity to the contact etch stop layer 216.
In 1llustrative embodiments, the layers 217, 218 may be com-
prised of substantially the same material, for instance silicon
dioxide, silicon nitride and the like, as long as a desired high
etch selectivity to the contact etch stop layer 1s achieved. A
thickness 217a of the layer 217 may be selected to be signifi-
cantly less than the thickness 2164.

A typical process flow for forming the semiconductor
device 250 as shown 1n FIG. 2a may comprise the following
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processes. The substrate 201 and the transistors 2007, 200p
may be formed according to similar processes as are previ-
ously described with respect to the device 150 described with
reference to FIG. 1a. Thereafter, the first etch stop layer 218
may be formed by depositing an appropriate material, such as
silicon dioxide, in accordance with well-established deposi-
tion techniques, such as plasma enhanced CVD. Next, the
contact etch stop layer 216 may be deposited, for instance 1n
the form of a silicon mitride layer, as 1t 1s also described with
reference to FIG. 16 for the layer 116. In particular, the
intrinsic stress of the layer 216, when provided 1n the form of
a silicon nitride layer, may be adjusted by controlling one or
more of the deposition parameters, such as the gas mixture,
the deposition rate, the temperature and the 1on bombard-
ment, during the deposition process in accordance with
known techniques. The term “intrinsic stress™ 1s to be under-
stood as specilying a certain type of stress, that 1s tensile or
compressive, or any variation thereof, 1.e., ortentation depen-
dent tensile or compressive stress, as well as the magnitude of
the stress. For example, compressive stress within the silicon
nitride may be obtained by using a moderately high bias
power, thereby providing a high degree of 10n bombardment
during the deposition. To create a desired 1on bombardment,

dual frequency CVD reactors are usually used to adjust a
desired amount of bias power by correspondingly controlling
the low frequency power provided by the dual frequency
reactor. For example, 1f the low frequency supply 1s signifi-
cantly reduced or turned oif, a silicon nitride layer having a
tensile stress 1s created. On the other hand, a moderately high
bias power creates compressive stress 1n the silicon nitride
layer. Thus, 1n 1llustrative embodiments, the layer 216 may
have an 1ntrinsic tensile or compressive stress with a magni-
tude of approximately 0.0-1.0 GPa (Giga-Pascal). An appro-
priate deposition process for forming the contact etch stop
layer 216 may be performed with any deposition tool that
cnables the creation of an appropriate plasma atmosphere.
Thereaftter, the etch stop layer 217 may be deposited, 1n one
illustrative embodiment, in the form of a silicon dioxide layer
by well-established processes.

FIG. 26 schematically shows the device 250 with a resist
mask 240 formed thereon, wherein the resist mask 240 covers
the second transistor 200p while exposing the first transistor
2007 and the corresponding portions of the layers 218, 216,
217. Moreover, the device 250 1s shown to be subjected to an
ctch process 260 for removing the exposed portions of the
layers 217, 216. The etch process 260 may comprise a {irst
etch step to etch through the etch stop layer 217, for instance
on the basis of a wet chemical process, for instance with
diluted fluoric acid, or on the basis of a plasma etch process,
whose etch chemistry 1s designed to remove the layer 217.
Hereby, an etch selectivity for this etch chemistry to the
underlying contact etch stop layer 216 may not be critical,
since the thickness 217a may be significantly less than the
thickness 216a so that typically the first etch step of the
process 260 may reliably be stopped within the layer 216
prior to reaching the first etch stop layer 218. In other embodi-
ments, the first etch step may be a selective etch step to
remove the exposed portion of the layer 217 substantially
without removing materal of the layer 216.

Thereafter, a second etch step of the process 260 may be
performed, which uses an etch chemistry that takes advantage
of the different material composition of the layers 218, 216.
Corresponding selective etch chemistries are well known 1n
the art and are, for instance, well established for silicon nitride
and silicon dioxide. Consequently, the exposed portion of the
contact etch stop layer 216 may reliably be removed, since the
ctch front 1s stopped on or within the first etch stop layer 218,
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thereby reducing or substantially completely avoiding any
interaction of the etch front with the metal silicide regions
208, 212.

FIG. 2¢ schematically shows the semiconductor device
250 after completion of the etch process 260 and aiter the
removal of the resist mask 240 and any cleaning processes.
Hence, the device 250 comprises the first etch stop layer 218
above the first transistor 200z, possibly slightly damaged by
the preceding etch process 260 and any cleaning processes,
thereby still providing an eflicient protection of the underly-
ing metal silicide regions 208, 212. On the other hand, the
second transistor 200p comprises the remaining portion of the
contact etch stop layer 216 having the first intrinsic stress and
formed thereabove the remaining portion of the etch stop
layer 217.

It should be appreciated that, in other embodiments, the
ctch stop layer 217 (FIGS. 2q and 2b) may be omitted during
the preceding process steps described with reterence to FIGS.
2a and 25, and may be formed on the device 250 as shown 1n
FIG. 2¢, thereby recovering the slightly damaged layer 218
above the first transistor 2007, which may result mn an
increased thickness compared to the layer portion that will be
formed 1n this alternative above the second transistor 200p.
For the further description 1t 1s, however, assumed that the
etch stop layer 217 has been formed as 1s described with
reference to FIGS. 2a and 2b.

FIG. 2d schematically shows the device 250 having formed
thereon a second contact etch stop layer 219 with a second
intrinsic stress. The second contact etch stop layer 219 may be
comprised of the same material as the contact etch stop layer
216, although deposited under different conditions to achieve
the desired different intrinsic stress, thereby providing sub-
stantially the same etch stop charactenstlcs in a contact etch
process to be performed later on. In other embodiments, the
contact etch stop layers 216, 219 may differ in their material
composition as long as a similar etch selectivity with respect
to an iterlayer dielectric material to be deposited above the
layers 219, 216 1s maintained. Moreover, the device 250 1s
shown with a resist mask 270, which 1s designed to cover the
first transistor 2007 and expose the second transistor 200p,
and of course the respective layers 219,217, 216, 218 formed
thereabove. Furthermore, the device 250 1s subjected to an
etch process 280 designed to remove that portion of the con-
tact etch stop layer 219 that 1s not covered by the resist mask
270.

The second contact etch stop layer 219 may be formed 1n
accordance with well-established process recipes and may, 1n
particular embodiments, be formed as a silicon nitride layer
on the basis of a process recipe to achieve the desired degree
of intrinsic stress. For instance, the layer 219 may be depos-
ited with a reduced compressive stress compared to the layer
216, which may be advantageous in adapting the electron
mobility of the transistor 200z, if provided as an N-channel
transistor, to the hole mobility of the transistor 200p, 1f pro-
vided as a P-channel transistor. In one illustrative embodi-
ment, the layer 219 may be deposited with a specific tensile
stress as 1s required for creating a desired tensile strain within
the channel region 204 of the first transistor 200z. It should be
appreciated that, in the process sequence described so far, the
layers 216, 219 may exhibit any desired degree of intrinsic
stress to account for specific process requirements. For
instance, the transistors 2007, 200p may represent transistors
at very different die locations or even in different die on an
individual substrate 201, wherein the different degrees of
intrinsic stress in the layers 216, 219 may be used to compen-
sate for process non-uniformities occurring during the forma-
tion of the transistors 200z, 200p. Moreover, as may be appre-
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ciated, the layer 219 may be formed prior to the layer 216 and
the masks 270, 240 may be provided 1n areversed sequence to
first form the layer 219 above the transistor 2007 and subse-
quently provide the layer 216 above the transistor 200p.

After the deposition of the contact etch stop layer 219 and
the formation of the resist mask 270, the etch process 280 may
be performed, wherein 1 one embodiment, the process 1s
designed to exhibit a moderately high etch selectivity with
respect to the etch stop layer 217. In thus case, the etch front of
the process 280 1s reliably stopped on or within the layer 217,
without unduly affecting the contact etch stop layer 216 hav-
ing the first intrinsic stress. After removal of the exposed
portion of the layer 219, 1n some embodiments, the etch stop
layer 217 may be removed, whereas, 1n other embodiments,
the layer 217 may be maintained, since the layer 217 may
have substantially the same material composition as an inter-
layer dielectric to be deposited on the device 250.

FIG. 2e schematically shows the device 250 with an inter-
layer dielectric 221 formed above the contact etch stop layers
216, 219 and with contact portions 222 formed 1n the inter-
layer dielectric 221 and the contact etch stop layers 219, 216
and the etch stop layer 218.

A typical process flow for forming the device as shown 1n
FIG. 2¢ may comprise the following processes. The interlayer
dielectric 221 may be deposited 1n the form of silicon dioxide
on the basis of deposition techniques, such as PECVD from
TEOS and/or sub-atmospheric CVD on the basis of TEOS
and/or high density plasma enhanced CVD to form a silicon
dioxide layer reliably enclosing the first and second transis-
tors 2007, 200p. Therealter, the surface of the interlayer
dielectric 221 may be planarized, for instance, by chemical
mechanical polishing and corresponding contact openings
may be etched on the basis of well-established etch recipes.
For this purpose, a selective anisotropic etch chemistry may
be used to etch through the interlayer dielectric 221 on the
basis of a correspondingly designed resist mask (not shown),
wherein the contact etch stop layer 219 for the transistor 2007
and the contact etch stop layer 216 for the transistor 200p
reliably stop the etch front at the gate electrodes 205, while
the etch process continues until the etch front reaches the
corresponding contact etch stop layers above the drain and/or
source regions 211. Thereafter, the etch chemistry may be
changed to exhibit a high removal rate for the materials of the
contact etch stop layers 219, 216, wherein not necessarily a
high degree of selectivity to the underlying etch stop layer
218 may be necessary. That 1s, the contact etch stop layers
219, 216 may be opened selectively to the etch stop layer 218,
which in turn 1s then appropnately etched with a modified
ctch chemistry, thereby causing minimal damage at the
underlying metal silicide regions 208, 212. In other embodi-
ments, the layers 219, 216 and the etch stop layer 218 may be
opened by a common etch process, since an end point of this
etch process may be detected without undue material removal
of the regions 208, 212 as the combined layer thickness of the
layers 219, 216, on the one hand, and the layer 218 1s small
enough to provide a substantially uniform etch behavior.
After completion of the etch process, the openings may be
filled with an appropriate conductive material on the basis of
well-established process recipes.

As aresult, the present invention provides a technique that
enables the efficient creation of different types of strain 1n
channel regions of different transistor elements, while sub-
stantially avoiding or at least significantly reducing inadvert-
ent eflects on the metal silicide regions of the transistors, by
providing a corresponding etch stop layer prior to the forma-
tion of the strain inducing layers.

10

15

20

25

30

35

40

45

50

55

60

65

12

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. For example,
the process steps set forth above may be performed in a
different order. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described 1n the claims below. It 1s therefore evident that
the particular embodiments disclosed above may be altered or
modified and all such variations are considered within the
scope and spirit of the mvention. Accordingly, the protection
sought herein 1s as set forth 1n the claims below.

What 1s claimed:

1. A method, comprising:

forming a first etch stop layer above a first transistor ele-

ment and a second transistor element;

forming a second etch stop layer above said first etch stop

layer, said second etch stop layer having a first specified
intrinsic stress;

forming a third etch stop layer above said second etch stop

layer,

forming a first mask layer above said first and second

transistor elements to expose said first transistor element
and cover said second transistor element;

removing a first portion of said second and third etch stop

layers formed above said first transistor element by a
selective etch process using said first etch stop layer as
an etch stop; and

forming a fourth etch stop layer above said first and second

transistor elements, said fourth etch stop layer having a
second mtrinsic stress that differs from said first intrinsic
stress.

2. The method of claim 1, wherein said fourth etch stop
layer 1s formed prior to forming said mask layer.

3. The method of claim 1, further comprising forming a
second mask layer above said first and second transistor ele-
ments to cover said first transistor element and expose said
second transistor element.

4. The method of claim 3, further comprising removing a
portion of said fourth etch stop layer formed above said
second transistor element by a selective etch process using,
said third etch stop layer as an etch stop.

5. The method of claim 4, further comprising selectively
removing a portion of said third etch stop layer formed above
said second transistor element.

6. The method of claim 5, further comprising depositing an
interlayer dielectric material above said first and second tran-
sistor elements and forming contact openings 1n said inter-
layer dielectric material and said first, second and third etch
stop layers.

7. The method of claim 6, wherein forming said contact
openings comprises etching through said interlayer dielectric
material while using said second and third etch stop layers as
an etch stop, etching through said second and third etch stop
layers while using said first etch stop layer as an etch stop and
etching through said first etch stop layer.

8. The method of claim 1, wherein said first etch stop layer
1s deposited with a first thickness and said second etch stop
layer 1s deposited with a second thickness, said first thickness
being less than said second thickness.

9. The method of claim 1, wherein said third etch stop layer
1s deposited with a third thickness and said fourth etch stop
layer 1s deposited with a fourth thickness, said fourth thick-
ness being greater than said third thickness.
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